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ABSTRACT
We present results from high resolution optical spectra toward 66 young stars in the Orion B molecular
cloud to study their kinematics and other properties. Observations of the Hα and Li I 6707 A˚lines
are used to check membership and accretion properties. While the stellar radial velocities of in NGC
2068 and L1622 show good agreement with that of the molecular gas, many of the stars in NGC 2024
show a considerable offset. This could be a signature of either expansion of the cluster, high degree
of the ejection of the stars from the cluster through the dynamical interaction, or the acceleration of
the gas due to stellar feedback.
1. INTRODUCTION
Most stars begin their lives in clusters (e.g.
Lada & Lada 2003). Therefore, in order to understand
the conditions which lead to star formation, it is imper-
ative to understand the dynamical state of the young
clusters, with ages less than a crossing time, where the
initial conditions have not yet been erased through the
dynamical interactions between members. In particu-
lar, an important question that is yet to be answered
is whether the cluster form quickly on a free-fall time
scale (e.g. Elmegreen 2007; Hartmann & Burkert 2007;
Kuznetsova et al. 2015), or whether the clouds are ini-
tially supported by turbulence preventing a rapid col-
lapse (e.g. Tan et al. 2006; Hennebelle 2012).
Several kinematic studies have been conducted in
other nearby massive clusters, such as the ONC and
NGC 2264 (Fu˝re´sz et al. 2006, 2008; Tobin et al. 2009,
2015; Da Rio et al. 2016; Kounkel et al. 2016), analyz-
ing the radial velocity (RV) of the young stellar objects
(YSOs) within them. These observations revealed that
these clusters are not dynamically relaxed and that they
show a considerable RV substructure. In particular,
they showed that, while typically the RV of the stars are
similar to the kinematics of the gas from which they have
formed, a large number of stars in both of these clus-
ters are preferentially blueshifted relative to the gas; this
blueshifted population is not compensated by an equal
number of redshifted sources. In some extreme cases
(e.g., toward the Cone Nebula, Kounkel et al. 2016,
hereafter, Paper I), the gas and the stars appear to be
entirely decoupled from each other. Some explanations
mkounkel@umich.edu
have been proposed to explain the blueshifted popula-
tion; however, so far there is no conclusive answer.
The Orion B molecular cloud contains several clus-
ters with an ongoing star-formation, such as NGC
2023/2024, 2068/2071, and L1622. These nearby clus-
ters (390—420 pc, Kounkel et al. 2017) are young,
with ages of < 2 Myr (e.g. Levine et al. 2006;
Flaherty & Muzerolle 2008; Kun et al. 2008). These
clusters are greatly affected by the high degree of extinc-
tion; only a few stars out of hundreds of known members
have optical emission. Previously, Flaherty & Muzerolle
(2008, hereafter, FM08) were able to obtain high-
resolution optical spectra to measure RV to 32 stars
in NGC 2068. To our knowledge, no currently pub-
lished surveys obtained stellar RVs in the other Orion
B regions. In the future, the IN-SYNC survey will
present high-resolution near infrared spectra taken with
APOGEE for the stars in the cloud; this is the exten-
sion of the observations of the Orion A molecular cloud
(Da Rio et al. 2016, 2017). While infrared spectra en-
able the study of many highly-extincted stars that the
present optical investigation cannot reach, observations
of Hα and Li I are important for checking membership
and addressing accretion properties.
In this paper we present high-resolution spectral ob-
servations of optically emitting stars in the clusters as-
sociated with the Orion B molecular cloud. In Section 2
we describe our observations and define the membership
sample. In Section 3 we discuss evolutionary classifica-
tion of the sources and look at the properties of the Hα
and Li I lines observed toward them. In Section 4 we
look at the distribution of RVs in the clusters.
2. OBSERVATIONS AND DATA REDUCTION
2Figure 1. The distribution of sources in UCAC4 catalog
toward the Orion B (greyscale). The observed fields as well
as the sources within them are indicated. Sources with Li I
absorption are identified as YSOs.
We observed a total of 4 fields toward the Orion B with
Michigan/Magellan Fiber System (M2FS, Mateo et al.
2012), a multi-object spectrograph on the Magellan Clay
Telescope. These fields included regions toward NGC
2023, 2024, 2068, and L1622 (Table 1). Due to their
spatial proximity, we consider NGC 2023 and NGC 2024
together in the analysis presented in this paper. All re-
gions were observed with the Hα and Li I filter, simulta-
neously spanning two orders covering the spectral range
of 6525—6750A˚ with a spectral resolution R ∼ 20, 000.
A maximum of 128 sources can be were observed in this
configuration with the field of view of 29’ in diameter.
NGC 2068 has also been re-observed the second time
with the Hα and the Li I filter, as well as Mg I filter,
which spans the spectral range of 5100—5210A˚.
The observed targets include all the objects found to-
ward the fields from UCAC4 catalog (Zacharias et al.
2012), with the preference for r magnitude brighter than
16.5. Due to extinction, in all four fields there are only
413 sources that are part of the UCAC4 catalog (Figure
1). In contrast, near infrared surveys, such as 2MASS
have more than ten times the number of sources in the
same part of the sky.
The data were first processed by the custom Python
code written by J. Bailey, and then reduced using the
IRAF pipeline HYDRA. The narrow nebular emissi lines
from [S II] (6717 and 6731A˚), [N II] (6549 and 6583A˚),
and Hα appeared strongly toward many (but not all)
sources. While sky spectra offset by a few arcseconds
were taken, in many cases, particularly in NGC 2024, it
was insufficient to reliably remove this emission which
can strongly vary even over small angular distances.
These lines were masked out (Figure 2). The same was
done for the wide Littrow ghosts from the optics at 6600
and 6725A˚ in Hα and Li I orders.
The data were cross-correlated with the IRAF pack-
age RVSAO (Kurtz & Mink 1998) relative to the syn-
thetic spectra of Coelho et al. (2005). We also per-
formed cross-correlation using the synthetic spectra
from Munari et al. (2005), but while overall they pro-
duced consistent solutions, Coelho et al. (2005) spectra
led to a somewhat better agreement in the solutions be-
tween the different simultaneously observed orders for
the same stars. The synthetic spectra templates that
were used had the effective temperatures (Teff ) between
3500 and 7000 K in steps of 250 K, the solar metal-
licity, and surface gravity log(g) = 3.5. We obtained
the radial velocities (RV) from the cross-correlations,
and estimated Teff from the best-matched template for
each object. We include only RV measurements where
the signal-to-noise R (Tonry & Davis 1979) of the best
cross-correlation was R > 6. The Li I and Hα orders
were cross-correlated separately; however, both Li I and
Hα lines were masked out so as not to introduce addi-
tional biases due to the relative strength of these lines
in comparison to the template spectra, as both lines are
significantly stronger in YSOs. It is worth noting that
after masking these lines, there appears to be some bias
in the best-matched Teff for the template. In particu-
lar, there is a strong preference for very low Teff after
masking Hα line; similarly, Li I masking may result in
somewhat higher matched Teff . This should not have a
strong effect on the RV as the wavelength of the remain-
ing lines is not affected. The best matched Teff between
all orders (including Mg) appears to be more consistent
if the Li I and Hα lines are left unmasked. Therefore,
the quoted Teff that we include in Table 2 come from
the unmasked cross-correlations.
Generally, the strongest feature in the order contain-
ing Hα line is Hα itself with few other lines present.
The Li I order typically provides more reliable RV mea-
surements. If the velocities obtained from each order
for the same source differed by less than the uncertain-
ties of each correlation added in quadrature, then the
variance-weighted average was calculated for the RV and
the uncertainty σ of the fit, and the two R values were
added in quadrature. If the RVs from the two orders
were larger than the expected errors, only the RV from
the Li I order was used. RVs from the Hα order were
only adopted when no significant measurement was pos-
sible from the Li I order. The RV measurements from
the Mg I order are presented separately.
In addition to the default filtering parameters of the
cross-correlation to filter the noise and large scale struc-
3Figure 2. Examples of masking of the Hα nebular emission lines. Top row: before masking, bottom row: after masking. a) No
residual Hα detected coming from the star. b) Strong Hα emission. c) Likely Hα absorption from a source redshifted relative
to the nebular emission. d) No residual Hα detected after masking, however, nebular emission line does show some asymmetry
in the blue wing which may suggest some Hα emission.
ture, we used filtering parameters more suited for the
rapidly rotating stars, and we recorded the resulting
cross-correlation if the resulting R value was greater
than in the default case, and the σ was not greater by
more than 0.05 km s−1. The complete description of
the data reduction and cross correlation methods is pre-
sented in Paper I.
Some observations in the first epoch of NGC 2068 and
L1622 have been contaminated by moonlight. The mea-
sured RVs of these stars are consistent with the barycen-
tric velocity on the dates of the observations (∼ −25 km
s−1), and the best-matched temperature template con-
sistent with solar. The sources in which this contami-
nation has been identified have been removed from the
source list.
The 2015 epoch of observations of NGC 2068 field
appears to be systematically blueshifted by 2 km s−1
relative to the 2017 epoch. There are not many telluric
lines in the wavelength regime covered by the spectra
(most apparent lines are found at 6542.313, 6543.907,
6547.705, 6572.086 6574.852A˚), and they are generally
relatively weak and not apparent toward most of the
sources. However in the sources where it is possible to
centroid these lines and it is clear that they are not con-
taminated by any other nearby lines, we can confirm
that 2017 epoch for NGC 2068 field has accurately cal-
ibrated wavelength solution and 2015 epoch is the one
that is responsible for the offset.
Additionally, a systematic redshift of ∼1 km s−1 can
be observed in the data in Paper I as well in the M2FS
observations of Hα order and the Li I order, although the
latter order is apparent only for non-members. As the
Li I line was not masked out previously in members, and
the templates do not have as strong Li I absorption, the
cross-correlation was caught on this line in the YSOs,
producing a slight RV shift, which happened to almost
exactly cancel out the systematic offset for the entire
field.
There is some evidence that NGC 2024 field is system-
atically blueshifted by ∼2 km s−1, and NGC 2023 field
is systematically redshifted by ∼2 km s−1 (see Section
4 for discussion). This offset is suggested by the tel-
luric lines, although there are only a few sources where
centroiding of these lines is possible. We unfortunately
cannot confirm it since these fields have not been reob-
served and there is a lack of previously published RV
measurements of these sources. Nonetheless, we do cor-
rect all these offsets from the RVs in the Table 2.
The causes of these offsets are not clear. It has been
observed by Walker et al. (2015) that temperature de-
pendent offsets in the zero point of ∼2 km s−1 can occur
in the M2FS observations; since then a greater care has
been taken in the calibration of the instrument. We can
rule out the temperature dependence in this set of the
observations, as the solutions are consistent between the
individual frames. It is possible that the issue is isolated
to the specific Hα/Li I filter set. Nonetheless, while the
absolute zero point calibration may be uncertain, the
relative RVs within each field should be consistent.
4Figure 3. Measured RVs of all the sources observed toward
the Orion B.
Figure 4. Equivalent width of Li I as a function of the best-
matched cross-correlation template temperature (with R>6)
in the four regions. Data for the ONC is taken from Paper I
3. SPECTRAL PROPERTIES
A total of 151 sources have been detected toward NGC
2023/2024, 80 toward NGC 2068, and 59 toward L1622,
they are presented in the Table 2. Figure 3 shows a wide
spread of radial velocities, much larger than typically ob-
served toward star-forming regions; most of these stars
are non-members. We identify members in two ways:
strong/broad Hα emission due to accretion in the clas-
sical T-Tauri stars (CTTS), along with Li I absorption;
and Li absorption alone for the weak-lined T-Tauri stars
(WTTS). Stars with spectral types earlier than K4 show
depleted Li I abundances even during the young age
Figure 5. Comparison of classification based on the Spitzer
photometry from Megeath et al. (2012) and the accretion
signatures from Hα. Black diamonds are sources not in the
Spitzer catalog. The black lines show the criteria separating
CTTSs and WTTSs from White & Basri (2003).
compared to their lower mass counterparts, therefore,
uniform membership can be categorized only for stars
with Teff < 4500K (Figure 4). We report on Li I mea-
surements of the sources with WLiI > 0.1. We identify
42 sources in NGC 2024 that satisfy this criterion, 18 in
NGC 2068, and 6 in L1622; these sources can be con-
firmed as the members of Orion B. Among the remain-
ing sources, some YSOs with a higher Teff may remain,
but most of them are likely to be foreground stars, or
possibly background stars if they are not projected di-
rectly onto the cloud. CTTSs are identified using the
criteria from White & Basri (2003), based on WHα and
the velocity width at 10% maximum of Hα (VHα, Figure
5). However, because of the nebular emission contam-
ination, some WHα measurements may not necessarily
be reliable. To test this classification, we use classi-
fication from Spitzer photometry from Megeath et al.
(2012, Figure 6). In general, Class II sources (identi-
fied by the infrared excess attributed to a dusty disk
surrounding them) are expected to be actively accreting
CTTSs, and Class III sources (the onese that have colors
similar to a naked photosphere) are typically WTTSs,
however, the two classifications do not correlate in all
cases. Nonetheless, in general, two classifications are
comparable with each other. Throughout the text un-
less stated otherwise we use SED classification with ex-
ception of for 7 sources which were not detected with
Spitzer. These sources were classified based on their
Hα.
Two sources, RV 2670 and RV 2734, are double-line
spectroscopic binaries. RV 2670 is a member of NGC
2024. RV 2734 is found in NGC 2068 field; however, it
is probably not associated with the cluster. We extract
the RVs of the second component from fitting a Gaussian
to the cross-correlation function (Table 2).
We compare the distribution of the WLiI for four re-
gions (including the ONC data from Paper I) in Figure
4. The typical uncertainty in WLiI of lines with R > 6
is ∼0.05 A˚, although it can increase up to 0.1 A˚ for
noisier spectra. Generally, there does not appear to be
5Figure 6. Color-color diagrams for sources with Li I, us-
ing Spitzer and 2MASS photometry, identified according to
their evolutionary classification. Arrows show the redden-
ing vector of 0.5 AK , from Megeath et al. (2012). In the
left panels, a black line shows the location of the CTTS lo-
cus as identified by Meyer et al. (1997), which corresponds
to the intrinsic de-reddened colors of the young stars with
disks. A gray lines shows typical colors for pure photospheres
(Bessell & Brett 1988).
any significant differences between CTTSs and WTTSs
in terms of the distribution of their WLiI . However,
accreting stars typically have a large degree of veiling,
which may result in underpredicting the true WLiI of
these stars. Due to the limited spectral coverage, we
cannot correct for veiling in this survey.
Among the non-accreting YSOs (which should not be
affected by veiling), there are several sources that appear
to be somewhat depleted in Li I relative to the rest. The
two most extreme examples are RV 906 and RV 2603
with WLiI < 0.2. RV 2603 may be an older foreground
source, as its velocity is considerably different from the
RV of most other identified members of NGC 2024; how-
ever, we cannot definitively confirm it. RV 906, on the
other hand, was identified as a spectroscopic binary in
Paper I, with most measurements kinematically similar
to the rest of the ONC. Nonetheless, it is possible that
this source is not a member of the ONC, as there are 15
other stars which have no Li I at all that are also found
at the rest velocity of the cluster.
A number of other WTTSs have WLiI < 0.4. Pre-
viously, Palla et al. (2005) also discovered 4 stars in
the ONC that have shown a similar level of deple-
tion and found their ages to be &10 Myr, consider-
ably older than members of the ONC or the Orion B.
In general, YSOs begin to process Li I at age of 5–10
Myr, and become strongly depleted after 10 Myr (e.g.
Baraffe et al. 1998). In some rare cases, strong episodic
accretion bursts could accelerate the depletion to take
place on a much faster rate (Baraffe & Chabrier 2010;
Baraffe et al. 2017). However, it is also possible there is
a source of emission nearby that would increase the con-
tinuum, resulting in a lower WLiI . We exclude all the
sources found near strong nebulosity or other nearby
bright sources identified by examining DSS images of
the region. The remaining sources are RV 2550, 2581,
2682, 2725, and 2764. We further attempted to sub-
tract the continuum from the spectra of these sources
to test the limits of potential contamination, should it
be there. It is notable that for RV 2550, in order to
bring WLiI toward a more acceptable range after the
continuum subtraction, the flux at the center of Li I line
should be near zero.
One source, RV 2727 does not have any detectable Li
I, but it has a clear presence of Hα emission (although
it is not strong enough to be considered a CTTS by any
criteria, although its VHα is close to the threshold, nor
does this source have any IR excess).
Many of the strongly accreting sources do have an as-
symetric or variable Hα line profile (Figure 7). These
sources are most apparent in NGC 2068 cluster; in L1622
there are too few members observed, and in NGC 2024
the nebular emission is too strong to conclusively ana-
lyze the Hα line profile.
RV 2696 is not considered to be a member of NGC
2068 since it doesn’t have a strong Li I absorption
(WLiI ∼ 0.05), although it does have a Teff ∼ 5, 000K,
at which Li I may become depleted. This source does
have RV similar to the RVs of the members of the clus-
ter, however. In the second epoch of observations of this
source, it exhibited an emission redward of its Hα line
that was not present in the first epoch. A similar profile
is seen toward RV 2704.
RV 2752 also has very weak Li I line, and therefore
is not considered as a member. Its spectrum is very
poorly correlated in all observations. This source does
6Figure 7. Sources with variable or assymetric Hα line. Black
curves shows the spectra taken during 2015 epoch, and the
red line shows the spectra taken during 2017 epoch. Dashed
curves are the spectra from Fang et al. (2009).
have a very broad Hα absorption line, it appears to be an
early-type star. However, there is a narrow absorption
superimposed onto the broad component. The wave-
length of this narrow line appears to shift by almost 40
km s−1. It is notable that the other lines remain unaf-
fected. It is possible that this is a spectroscopic binary
with a late-type companion that is responsible both for
Li I absorption and variable Hα, however, it is difficult
to confirm it.
The remaining sources we examine are all CTTSs.
The Hα emission of RV 2698 has increased in strength by
a factor of 3 relative to the continuum between 2015 and
2017. It has an assymetric line profile with two peaks,
where the stronger peak is somewhat redshifted relative
to the rest velocity of the source, and the dip in the flux
is somewhat blueshifted, similar to a P Cygni line pro-
file, although the absorption does not fall significantly
below the continuum level. This source has been previ-
ously observed by Fang et al. (2009); the the strength of
the primary peak was the same as it is in 2017, although
the secondary peak was significantly stronger. Similar
profile is seen in RV 2703 and RV 2707, although their
absorption component is weaker. The size of the absorp-
tion in RV 2707 appears to evolve, becoming narrower
over time, and this source has an additional bump in
the red part of the line profile. This bump had the
same strength as the primary peak in the observations
by Fang et al. (2009).
RV 2743, 2751, and 2760 also have dual peaks, al-
though the absorption is redshifted relative to the center
of the line, which is indicative of the infalling gas. RV
2743 shows this only in 2017 epoch of observations, but
not in 2015. On the other hand, for RV 2760, this infall
is present only in 2015 epoch. Since Fang et al. (2009)
observations, the intensity of emission has tripled.
Among the sources identified as members in this
survey we measure the accretion ratio defined as
[CTTS]/[CTTS+WTTS] ratio to be 0.66±0.33 (5/6) in
L1622, 0.55±0.18 (10/18) in NGC 2068, and 0.38±0.09
(16/42) in NGC 2024. The optical regime is somewhat
more biased against CTTSs as they may be more red-
dened and we are sensitive only to the sources with a
very low extinction (Figure 6). Moreover, cluster cores
usually contain younger population of YSOs than those
found in the halo (e.g. Getman et al. 2014), and in Orion
B we cannot observe any YSOs embedded in the clouds.
Therefore, these values are probably the lower limits of
the true disk fractions of these clusters.
4. VELOCITY STRUCTURE
We look at the velocity distribution of the confirmed
members of the Orion B with detected Li I absorption
with the R >6. There are 31 such sources in NGC 2024,
13 in NGC 2068, and 4 in L1622. Similarly to Paper
I, we compare this velocity distribution to that of the
13CO gas after converting the measured RV to the local
standard of rest (lsr). As the young stars have formed
from the molecular gas which is traced by 13CO, a nat-
ural assumption is that both stellar and gas velocity
distribution should be comparable to each other.
It does appear to be the case in L1622. In this region,
vlsr of the
13CO gas with the peak 1.17 km s−1 and
line width at half maximum of 1.66 km s−1 (Kun et al.
2008). While the sample of members of L1622 that
we detected in this survey is extremely small (only 5
sources, only 3 of which have confident RV measure-
ments with R>6), vlsr of all but one members of L1622
ranges between 0.9 to 4.1 km s−1 (Figure 8). The RV
of the single outlying source is highly uncertain, has low
R value. It is possible that this source may be affected
by the multiplicity. Unfortunately, only a single epoch
of measurements is available to confirm it. It is possible
that there may be a systematic offset for the entire field,
but it unlikely to significantly change the correlation be-
tween RVs of the stars and the molecular gas.
The systematic offset is much better calibrated in
NGC 2068. After it is taken into the account, there
does not appear to be any peculiar RV structure in NGC
2068. This is similar to what has been observed by
FM08. We compare the RVs of the sources to the of
13CO gas (Nishimura et al. 2015). Two sources appear
to have RV different from the molecular gas (Figure 9).
RV 2762 has been detected both in 2015 and 2017, and
it has been observed by FM08 (source ID 984). There
7Figure 8. Velocity distribution of members toward L1622.
Black line shows the distribution of the 13CO gas described
by Kun et al. (2008). Sources are arbitrarily scaled along the
y-axis to maximize readibility.
Figure 9. Left: Map of the observed members of the NGC
2024 and NGC 2068 clusters, plotted over 13CO map from
Nishimura et al. (2015). Blue circles are the sources from
this work, orange triangles are the sources from FM08 survey.
Middle: position-radial velocity diagram, summed in right
ascention, using raw RVs. Right: same as before, but with
the RVs of the two fields of NGC 2024 corrected for the offset.
is a big degree of scatter in RV between the measure-
ments. However, since all the measurements are highly
uncertain, this source cannot be identified as a RV vari-
able using the criterion from Paper I. Similarly, RV 2764
has been detected in all epochs (FM08 228). All the
measurements are consistent with each other within the
uncertainties (typically ∼0.5 km s−1), all ∼5 km−1 red-
shifted relative to the gas. While we cannot rule out
that this source is RV variable due to the sparsity of
measurements, it is more likely that it has been ejected
from the cluster.
NGC 2024, on the other hand, is significantly less
clear-cut in terms of its RV structure. There appears
to be a gradient across the cluster in the raw RVs of
the members of the cluster, completely decoupled from
the kinematics of the molecular gas. However as the
observations of this region are split into two fields, it is
possible that there is a systematic offset in both of these
fields that is applied in the opposite direction from each
other. The magnitude of the offset suggested by the
telluric lines in both cases is ∼2 km s−1. After this off-
set is removed from the data, the agreement between
the kinematics of the molecular gas and stars becomes
better; however there is a substantial population of stars
blueshifted to the gas, and a few sources (mostly located
off-cloud) remain to be somewhat redshifted. Alterna-
tive offset values cannot help to improve the agreement
in the RVs further.
As only one epoch of observations is currently avail-
able for all of these sources, it is possible that several of
these sources are spectroscopic binaries, therefore their
measured RV is different from the true RV of the system.
Paper I estimated that only 5–6% of stars in the ONC
and in NGC 2264 can be identified as spectroscopic bi-
naries with the spectral resolution comparable to what is
used in this survey. If this fraction is similar in the Orion
B, we should expect only ∼3–4 spectroscopic binaries in
the entire survey. While the multiplicity function does
vary between different star-forming regions, the differ-
ence between RV of the gas and that of the detected
stars cannot be due to binarity.
An important consideration in these observations is
that since in the optical regime it is only possible to
probe sources with very low extinction (Figure 6), we
are not sensitive toward the deeply embedded objects
that are located within the molecular clouds. There-
fore the entirety of our sample consists of the sources
that are located near the upper layer of the cloud; they
are of some of the closest YSOs to the Sun in these
regions. We estimate that in the fields covered by ob-
servations, there should be ∼220 Class 0/I and II YSOs
toward NGC 2068, ∼475 toward NGC 2024, and ∼30 to-
ward L1622 based on the density maps by Megeath et al.
(2016). The number of Class III sources in these re-
gions is more difficult to estimate, although, based on
the observed ratio of Class II and Class III sources, it
is possible that that the total number of YSOs would
be ∼1.5 times higher than the value estimated based on
the density of only Class 0/I and II YSOs.
With this in mind, since we observe only a very small
fraction of the total number of sources, we cannot rule
out a possibility that the RV of the entire population
of the YSOs of NGC 2024 does follow the gas, with the
same mean velocity and velocity dispersion, and that
the sources we observe only the tail end of the Gaussian
distribution. This would imply that the RV distribution
in the cluster has some structure, and that both clusters
are expanding. Another possibility is that these objects
were dynamically ejected from the cluster.
8However, the detected members could also trace the
larger population of stars, the RV of which is system-
atically different from the gas, and that could be a re-
sult of gas being accelerated due to the stellar feedback,
whereas the stars remain at the original RV of the gas at
the time of the formation. The signature of it could po-
tentially be seen in NGC 2023/2024 where the low den-
sity gas appears to be red-shifted relative to the two sig-
nificantly denser clumps. Finally, this could be a signa-
ture of cold collapse; recent hydrodynamic simulations
of globally gravitationally collapsing clouds demonstrate
a similar assymetry between the distributions of young
stars and molecular gas can be produced naturally to-
ward massive clusters (Kuznetsova et al. 2017). Ulti-
mately, high resolution infrared spectra (such as the ones
APOGEE will be able to provide) would be needed to
obtain RV of a significantly larger number of stars em-
bedded within the gas to confirm the degree to which
the stars follow the gas.
The observations of other massive clusters, such as the
ONC and NGC 2264 (Da Rio et al. 2016; Kounkel et al.
2016) did reveal that, while the majority of stars do fol-
low the gas, they also contain a significant blueshifted
populations. Unfortunately the cause of it is still not en-
tirely clear. Most likely it is a combination of the afore-
mentioned reasons, although previous APOGEE obser-
vations of the ONC did mostly rule out extinction as the
cause of the discrepancy. Observations of the Orion B
put these observations into the perspective as they adds
the significant information about the spacial distribu-
tion of the YSOs as a function of depth of the clusters.
5. CONCLUSION
We obtained optical high resolution spectra of 295
stars toward the Orion B molecular cloud. Of these
sources, 67 can be identified as members of the clusters
associated with the cloud on the basis of presence of
strong Li I absorption, which ca be used as an indicator
of youth in stars later than K4. It is more difficult to dis-
tinguish the young stars with earlier spectral types from
their more evolved counterparts; therefore there may be
some bona fide members that we have not identified as
such.
Despite their signatures of youth, we have identified
7 late type sources in the Orion B and in the ONC
with somewhat depleted Li I, with 0.1 < WLiI < 0.4.
These sources should not be affected by veiling. Typi-
cally stars will achieve this level of depletion at the ages
of 5–10 Myr (Baraffe et al. 1998), which is significantly
older than the estimated age of the clusters which these
stars inhabit, and these sources may not necessarily be
members of the clusters. However, it is possible that the
accretion processes have accelerated the processing of Li
I in these sources (Baraffe et al. 2017). We also identi-
fied a number of sources with variable and/or assymetric
Hα line. Six of these sources are CTTSs, however, two
sources are clearly more evolved and may not be associ-
ated with the cloud.
We measured RVs for all the sources. We find that
members of NGC 2068 and L1622 tend to have RVs sim-
ilar to those of the molecular gas. On the other hand,
NGC 2024 does show a sizable population of stars that
are preferentially blueshifted. Similar kinematics have
been observed toward other clusters, such as the ONC
and NGC 2264 (Paper I). It is still unclear what is the
cause of it. Some possibilities include (a) sample bias
due to e.g. extinction which prevents us from observ-
ing better agreement in RVs, (b) acceleration of the gas
through stellar feedback, (c), observing older foreground
population of stars that has dissipated their molecular
gas and (d) a dynamical signature of cold collapse in the
vicinity of a massive cluster.
Soon to be released distance and proper motion solu-
tions by Gaia DR2 will further contribute to the inter-
pretation of the stellar dynamics of these clusters. As it
is an optical telescope, it will not peer into the depth of
the clusters, but it will be able to constrain the dynam-
ics of the other two dimensions of motion of the stars
presented in this paper. Additionally, APOGEE obser-
vations as part of the IN-SYNC program for the Orion
B molecular cloud will allow RV measurements of much
more embedded sources. Together, they will be instru-
mental in distinguishing between possibilities that may
explain kinematic signatures observed in this paper.
The authors would like to thank the LCO operators
and staff for their help on the observing run. This work
was supported in part by the University of Michigan.
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Table 1. Dates and configurations of the M2FS observations.
Field Date R.A. Dec. Exposure time Filter
ID (UT) (J2000) (J2000) (#×seconds)
NGC 2024 2014 Dec 11 05:41:48.0 −01:57:18 3×1200 Li I + Hα
NGC 2023 2015 Feb 03 05:41:02.7 −02:18:18 3×1800 Li I + Hα
NGC 2068 2015 Feb 28 05:46:21.6 00:10:23 3×1800 Li I + Hα
L1622 2015 Feb 27 05:54:20.1 01:42:57 3×1800 Li I + Hα
NGC 2068 2017 Mar 04 05:46:21.6 00:10:23 3×720 Li I + Hα
NGC 2068 2017 Mar 04 05:46:21.6 00:10:23 3×900 Mg I
Table 2. Sources that were surveyed for the presence of Li I.
RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2533 05:40:58.97 -02:32:52.0 -16.39 0.87 10.51 — — — y 5750 2457084.5 Li+Hα 2023
2534 05:40:53.40 -02:32:27.6 -38.84 0.65 12.50 — 1.35 — y 5500 2457084.5 Li+Hα 2023
2535 05:41:20.87 -02:32:06.6 41.00 0.54 18.91 — 1.24 — y 6000 2457084.5 Li 2023
2536 05:41:12.08 -02:31:21.9 -31.40 0.96 7.12 — 1.35 — y 5750 2457084.5 Li+Hα 2023
2537 05:41:05.44 -02:31:06.4 91.65 0.36 21.98 — 1.70 — y 5250 2457084.5 Li+Hα 2023
2538 05:40:47.38 -02:30:52.9 32.13 1.19 6.35 — — — y 6250 2457084.5 Li+Hα 2023
2539 05:40:44.56 -02:30:36.7 74.72 0.41 18.89 — 2.44 — y 5750 2457084.5 Li+Hα 2023
2540 05:40:34.50 -02:30:22.3 17.97 1.68 10.21 0.60 -1.54 289 YSO (Class II)d y 4000 2457084.5 Li+Hα 2023
2541 05:40:43.56 -02:30:15.7 11.97 0.90 8.43 — 0.77 — y 5750 2457084.5 Li+Hα 2023
2542 05:40:52.22 -02:30:10.0 63.51 0.59 13.74 — 2.03 — y 6500 2457084.5 Li+Hα 2023
Table 2 continued
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Table 2 (continued)
RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2543 05:41:00.57 -02:30:04.0 39.97 1.93 4.91 — 1.47 — y 6500 2457084.5 Li+Hα 2023
2544 05:40:33.22 -02:29:53.9 -9.49 0.90 8.82 — — — y 5250 2457084.5 Li+Hα 2023
2545 05:40:49.84 -02:29:24.2 -40.16 0.80 10.21 — — — y 5250 2457084.5 Li+Hα 2023
2546 05:41:13.06 -02:29:12.4 17.29 0.43 18.55 — 0.88 — y 5750 2457084.5 Li+Hα 2023
2547 05:40:35.38 -02:28:22.7 109.04 1.02 7.36 — 1.15 — y 5500 2457084.5 Li+Hα 2023
2548 05:40:33.69 -02:28:12.4 86.83 0.63 12.86 — 1.54 — y 5750 2457084.5 Li+Hα 2023
2549 05:40:30.08 -02:28:06.0 55.11 0.43 18.55 — 1.14 — y 5500 2457084.5 Li+Hα 2023
2550 05:40:46.06 -02:28:03.6 33.87 0.37 21.39 0.30 0.60 — YSO (Class III) y 4250 2457084.5 Li+Hα 2023
2551 05:40:47.85 -02:27:42.7 53.32 0.54 14.46 — 1.65 — y 6000 2457084.5 Li+Hα 2023
2552 05:40:39.31 -02:26:46.2 28.30 0.93 8.68 0.57 -4.21 415 YSO (Class II) y 3750 2457084.5 Li+Hα 2023
2553 05:40:29.77 -02:26:32.6 8.07 0.51 16.47 — — — y 5500 2457084.5 Li+Hα 2023
2554 05:40:19.13 -02:26:24.5 -16.81 0.88 9.67 — 0.56 — y 5750 2457084.5 Li+Hα 2023
2555 05:40:42.98 -02:26:22.2 15.12 0.56 14.58 — 0.83 — 0 4750 2457084.5 Li+Hα 2023
2556 05:40:41.14 -02:26:15.5 54.63 0.84 10.22 — 1.13 — 0 6000 2457084.5 Li+Hα 2023
2557 05:41:46.31 -02:26:01.0 -10.88 0.78 11.82 — — — y 5250 2457084.5 Li+Hα 2023
2558 05:40:16.07 -02:25:44.7 28.24 1.19 7.31 0.56 -0.76 229 YSO (Class III)d 0 3750 2457084.5 Li+Hα 2023
2559 05:40:27.54 -02:25:43.1 25.47 0.33 23.89 — 1.59 — y 6000 2457084.5 Li+Hα 2023
2560 05:40:48.20 -02:25:38.0 -2.67 0.74 10.23 — 0.80 — y 5750 2457084.5 Li+Hα 2023
2561 05:41:03.57 -02:25:12.7 33.82 0.39 20.68 — 0.60 — y 5250 2457084.5 Li+Hα 2023
2562 05:41:14.07 -02:25:05.4 31.85 0.66 13.01 — — — y 4000 2457084.5 Li+Hα 2023
2563 05:40:56.93 -02:24:49.5 87.26 0.48 16.64 — 2.09 — y 5250 2457084.5 Li+Hα 2023
2564 05:40:14.95 -02:24:14.7 14.07 2.24 2.42 — 0.96 — 0 6250 2457084.5 Li 2023
2565 05:40:38.21 -02:24:10.1 3.62 2.00 3.98 — — — 0 6500 2457084.5 Li 2023
2566 05:40:54.85 -02:24:06.8 45.25 0.69 11.82 — 1.03 — y 5500 2457084.5 Li+Hα 2023
2567 05:40:56.10 -02:24:02.3 31.51 0.62 12.67 — 0.35 — 0 5250 2457084.5 Li 2023
2568 05:40:14.45 -02:23:28.2 50.00 1.43 4.49 — 1.40 — 0 6250 2457084.5 Li 2023
2569 05:40:11.86 -02:23:14.9 49.51 1.56 3.86 — 1.34 — 0 5750 2457084.5 Li 2023
2570 05:40:44.64 -02:22:44.2 18.23 1.61 8.80 0.58 -2.27 199 YSO (Class III) y 3750 2457084.5 Li+Hα 2023
2571 05:41:24.50 -02:22:36.3 72.75 2.69 2.28 0.34 -5.53 457 YSO (Class II) 0 4250 2457084.5 Li 2023
2572 05:40:52.33 -02:22:11.9 -0.90 0.95 8.95 — — — 0 6250 2457084.5 Li 2023
2573 05:40:36.93 -02:21:59.7 49.85 1.17 6.63 — 1.40 — y 6500 2457084.5 Li+Hα 2023
2574 05:40:50.18 -02:21:55.9 47.46 0.60 13.79 — 1.13 — y 6000 2457084.5 Li+Hα 2023
2575 05:40:16.09 -02:21:38.7 15.98 0.78 9.14 — — — y 6000 2457084.5 Li+Hα 2023
2576 05:41:59.90 -02:21:08.9 55.05 0.46 17.47 — 1.39 — y 5000 2457084.5 Li+Hα 2023
2577 05:40:51.08 -02:21:00.3 -7.88 1.99 4.06 0.35 1.14 — YSO (Class III) 0 6750 2457084.5 Li 2023
2578 05:40:28.46 -02:20:35.3 73.35 1.69 5.02 — 1.35 — 0 6000 2457084.5 Li 2023
2579 05:40:32.46 -02:20:23.3 56.87 0.80 9.69 — 1.50 — y 6000 2457084.5 Li+Hα 2023
2580 05:40:05.10 -02:19:59.2 31.03 0.71 12.40 0.47 -1.43 276 YSO (Class III)d y 4000 2457084.5 Li+Hα 2023
2581 05:40:42.70 -02:19:53.5 55.47 1.44 6.40 0.21 1.67 — YSO (Class III) y 4250 2457084.5 Li+Hα 2023
2582 05:40:11.17 -02:19:47.0 8.73 0.87 8.98 — 1.05 — 0 6250 2457084.5 Li 2023
2583 05:40:30.04 -02:19:16.2 5.98 0.60 13.99 — 0.50 — y 5750 2457084.5 Li+Hα 2023
2584 05:40:41.41 -02:19:11.5 11.97 0.38 20.47 — 0.36 — y 5000 2457084.5 Li+Hα 2023
2585 05:40:42.16 -02:18:52.7 16.98 0.90 7.90 — 0.89 — 0 6250 2457084.5 Li+Hα 2023
2586 05:40:43.66 -02:18:39.1 -17.15 0.95 8.41 — — — y 5750 2457084.5 Li+Hα 2023
2587 05:40:17.02 -02:18:11.2 27.29 1.64 6.88 0.56 -15.06 460 YSO (Class II)d y 3750 2457084.5 Li+Hα 2023
2588 05:40:40.03 -02:17:49.4 -12.34 0.71 11.56 — 0.84 — y 5250 2457084.5 Li+Hα 2023
2589 05:40:40.40 -02:17:34.5 9.05 0.76 9.63 — — — y 3750 2457084.5 Li+Hα 2023
2590 05:40:29.91 -02:17:31.0 10.10 0.59 13.63 — 0.37 — y 5500 2457084.5 Li+Hα 2023
2591 05:40:15.52 -02:17:05.8 72.03 0.83 8.75 — 1.78 — y 6000 2457084.5 Li+Hα 2023
2592 05:40:34.68 -02:16:52.1 -1.25 0.68 12.02 — — — 0 5250 2457084.5 Li+Hα 2023
Table 2 continued
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Table 2 (continued)
RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2593 05:40:05.99 -02:16:50.0 1.20 0.66 12.58 — 0.63 — y 5750 2457084.5 Li+Hα 2023
2594 05:41:47.05 -02:16:38.0 25.10 0.43 21.74 0.34 -7.79 330 YSO (Class II) y 4250 2457084.5 Li+Hα 2023
2595 05:40:34.33 -02:16:37.4 7.72 0.56 14.86 — 1.08 — y 6000 2457084.5 Li+Hα 2023
2596 05:40:37.02 -02:16:24.2 19.74 0.53 13.84 — — — y 5000 2457084.5 Li+Hα 2023
2597 05:40:28.51 -02:16:12.5 -10.03 2.05 5.29 — 1.26 — y 4250 2457084.5 Li+Hα 2023
2598 05:40:11.42 -02:16:00.6 23.60 0.78 9.76 — 1.26 — 0 6250 2457084.5 Li+Hα 2023
2599 05:41:40.29 -02:15:59.7 26.60 0.78 13.10 0.50 -14.86 490 YSO (Class II) y 4000 2457084.5 Li+Hα 2023
2600 05:40:53.11 -02:15:48.6 -9.31 1.31 6.13 — 1.67 — 0 6250 2457084.5 Li 2023
2601 05:40:31.69 -02:15:45.4 -8.97 0.70 10.83 — 0.77 — y 5500 2457084.5 Li+Hα 2023
2602 05:40:22.43 -02:15:40.0 30.71 0.95 7.57 0.55 -14.38 482 YSO (Class II) y 3750 2457084.5 Li+Hα 2023
2603 05:40:19.31 -02:15:04.3 12.17 1.01 11.02 0.19 0.70 — YSO (Class III)d 0 4000 2457084.5 Li 2023
2604 05:40:45.57 -02:14:35.8 -20.36 0.79 10.31 — 0.67 — 0 5500 2457084.5 Li+Hα 2023
2605 05:40:42.03 -02:14:34.3 25.37 0.88 8.93 — 1.11 — y 6250 2457084.5 Li+Hα 2023
2606 05:41:09.40 -02:14:34.2 41.75 0.61 13.59 — 1.18 — y 6750 2457084.5 Li+Hα 2023
2607 05:40:35.04 -02:14:17.7 -5.96 1.41 6.80 — 1.19 — 0 7000 2457084.5 Li+Hα 2023
2608 05:40:44.75 -02:13:53.8 20.89 0.33 24.01 — — — y 5250 2457084.5 Li+Hα 2023
2609 05:41:55.41 -02:13:43.9 -27.32 0.86 9.24 — — — y 6000 2457084.5 Li+Hα 2023
2610 05:40:29.82 -02:13:34.9 55.58 2.05 3.10 — 1.43 — 0 6000 2457084.5 Li 2023
2611 05:40:13.25 -02:12:56.8 -27.94 0.80 10.94 — 1.37 — y 5750 2457084.5 Li+Hα 2023
2612 05:40:50.47 -02:12:54.0 -0.29 0.48 17.15 — — — y 5000 2457084.5 Li+Hα 2023
2613 05:40:25.75 -02:12:53.6 41.62 0.44 19.17 — 0.51 — y 5250 2457084.5 Li+Hα 2023
2614 05:40:43.80 -02:12:47.7 20.54 0.66 11.96 — — — y 5750 2457084.5 Li+Hα 2023
2615 05:40:40.01 -02:12:46.9 -20.74 0.49 16.23 — 0.46 — y 5000 2457084.5 Li+Hα 2023
2616 05:40:18.34 -02:12:44.7 27.19 0.85 10.92 0.60 -1.57 229 YSO (Class III)d y 3750 2457084.5 Li+Hα 2023
2617 05:40:26.48 -02:12:34.0 22.54 0.61 12.45 — 1.13 — y 6250 2457084.5 Li+Hα 2023
2618 05:40:24.45 -02:12:15.4 -8.10 0.81 10.79 — 1.21 — 0 6000 2457084.5 Li+Hα 2023
2619 05:40:47.52 -02:12:11.0 22.30 0.42 18.94 — — — y 5000 2457084.5 Li+Hα 2023
2620 05:40:44.82 -02:11:50.1 28.24 1.25 11.72 0.49 -0.51 415 YSO (Class II) y 4000 2457084.5 Li+Hα 2023
2621 05:40:35.03 -02:11:42.2 62.99 0.88 9.23 — 1.99 — y 6500 2457084.5 Li+Hα 2023
2622 05:40:46.77 -02:10:50.1 — — — 0.33 -24.70 671 YSO (Class II) — — 2457002.8 — 2024
2623 05:41:48.32 -02:10:40.7 0.96 0.95 9.47 — 1.34 — y 6000 2457002.8 Li+Hα 2024
2623 05:41:48.32 -02:10:40.7 -1.49 0.71 14.17 — 1.50 — 0 6000 2457084.5 Li+Hα 2023
2625 05:42:10.19 -02:10:24.7 5.02 0.63 12.06 — 0.95 — y 4250 2457002.8 Li+Hα 2024
2626 05:40:28.77 -02:10:24.3 6.53 0.66 12.55 — 1.03 — 0 5750 2457084.5 Li+Hα 2023
2627 05:41:26.20 -02:10:07.6 -1.70 0.34 23.40 — 1.33 — y 5750 2457084.5 Li+Hα 2023
2627 05:41:26.20 -02:10:07.6 0.11 0.51 15.39 — 1.54 — y 6000 2457002.8 Li+Hα 2024
2629 05:40:17.22 -02:10:00.9 38.14 0.32 26.05 — 1.24 — y 5750 2457084.5 Li+Hα 2023
2630 05:40:50.93 -02:09:45.5 25.46 0.63 14.43 0.60 -1.23 242 YSO (Class III) y 4000 2457084.5 Li+Hα 2023
2631 05:40:28.27 -02:09:32.3 24.16 3.56 2.78 — — — y 3500 2457084.5 Hα 2023
2632 05:40:19.98 -02:09:29.1 23.51 0.50 18.34 — — — 0 5500 2457084.5 Li+Hα 2023
2633 05:40:29.90 -02:09:23.9 47.01 1.05 7.16 — 1.01 — 0 5500 2457084.5 Li+Hα 2023
2634 05:40:23.19 -02:09:14.5 49.32 0.60 13.99 — 0.98 — y 6250 2457084.5 Li+Hα 2023
2635 05:40:56.72 -02:08:57.2 9.33 0.61 13.75 — 1.87 — y 6500 2457084.5 Li 2023
2636 05:40:45.37 -02:08:31.9 60.35 2.45 2.81 — 0.86 — y 6750 2457084.5 Li 2023
2637 05:42:09.06 -02:08:17.4 27.79 1.20 8.25 0.52 — — YSO (Class III) y 4250 2457002.8 Li+Hα 2024
2638 05:40:23.79 -02:07:56.9 41.28 0.55 13.63 — 0.79 — 0 5500 2457084.5 Li 2023
2639 05:42:21.28 -02:07:42.4 — — — 0.61 — — YSO (Class III) — — 2457002.8 — 2024
2640 05:42:14.99 -02:07:14.3 -8.07 2.66 2.97 — — — y 6750 2457002.8 Li 2024
2641 05:40:27.59 -02:07:09.6 -31.50 1.81 3.35 — — — y 5250 2457084.5 Li+Hα 2023
2642 05:40:30.56 -02:06:59.9 -29.66 1.08 6.46 — 1.45 — 0 6250 2457084.5 Li 2023
Table 2 continued
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Table 2 (continued)
RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2643 05:42:16.70 -02:06:39.9 — — — 0.40 — — YSO (Class III) — — 2457002.8 — 2024
2644 05:42:26.55 -02:06:06.4 65.59 1.73 4.14 — — — y 5000 2457002.8 Li+Hα 2024
2645 05:41:15.61 -02:05:58.6 82.47 0.61 13.30 — 1.86 — y 5250 2457084.5 Li+Hα 2023
2645 05:41:15.61 -02:05:58.6 83.85 0.64 12.00 — — — y 5250 2457002.8 Li+Hα 2024
2647 05:40:40.33 -02:05:41.7 34.11 0.82 9.33 — 0.89 — y 5500 2457084.5 Li+Hα 2023
2648 05:40:41.27 -02:05:38.7 26.10 0.90 8.14 0.67 -1.95 222 YSO (Class III) 0 3750 2457084.5 Li+Hα 2023
2649 05:40:46.89 -02:04:36.6 2.72 0.97 7.89 — 0.46 — y 5500 2457084.5 Li+Hα 2023
2650 05:41:43.16 -02:03:54.3 23.63 0.53 19.43 0.47 — — YSO (Class III) y 4000 2457002.8 Li+Hα 2024
2651 05:41:52.58 -02:03:51.6 — — — 0.24 — — YSO (Class III) — — 2457002.8 — 2024
2652 05:42:37.89 -02:03:04.1 -7.58 1.47 4.98 — — — y 5000 2457002.8 Li 2024
2653 05:41:50.53 -02:02:57.0 25.57 1.67 4.13 0.65 -4.10 391 YSO (Class II) y 3750 2457002.8 Li+Hα 2024
2654 05:41:13.57 -02:02:16.1 23.51 0.37 20.76 — 1.68 — y 6000 2457002.8 Li+Hα 2024
2655 05:41:34.35 -02:01:51.0 25.38 1.16 9.60 0.46 — — YSO (Class III) 0 4000 2457002.8 Li 2024
2656 05:41:52.21 -02:01:21.2 — — — 0.55 -3.26 352 YSO (Class II) — — 2457002.8 — 2024
2657 05:42:02.16 -02:01:13.1 6.59 0.75 9.95 — — — y 5500 2457002.8 Li+Hα 2024
2658 05:40:52.05 -02:01:05.8 15.42 2.22 2.94 — — — 0 3750 2457002.8 Li 2024
2659 05:40:53.22 -02:00:58.4 18.33 0.40 21.24 — — — y 5250 2457002.8 Li+Hα 2024
2660 05:40:52.49 -02:00:46.1 23.43 0.47 19.09 0.53 — — YSO (Class III) y 4000 2457002.8 Li+Hα 2024
2661 05:40:57.68 -02:00:24.3 36.99 0.56 15.01 — — — y 6250 2457002.8 Li+Hα 2024
2662 05:40:51.83 -02:00:21.6 0.04 0.45 17.56 — 1.23 — y 5750 2457002.8 Li+Hα 2024
2663 05:40:57.01 -02:00:01.3 23.52 0.29 27.96 0.31 0.95 — YSO (Class III) y 4250 2457002.8 Li+Hα 2024
2664 05:42:11.25 -01:59:43.8 27.04 0.99 9.58 0.48 -1.04 233 YSO (Class III) y 4250 2457002.8 Li+Hα 2024
2665 05:41:38.96 -01:59:36.4 28.78 1.05 8.08 0.55 -4.55 329 YSO (Class II) y 4000 2457002.8 Li+Hα 2024
2666 05:41:56.07 -01:59:23.9 -1.02 5.39 2.56 — — — y 4750 2457002.8 Hα 2024
2667 05:41:29.55 -01:59:15.6 -0.35 2.64 2.36 — — — y 5750 2457002.8 Li 2024
2668 05:42:21.24 -01:59:10.6 — — — 0.56 — — YSO (Class II) — — 2457002.8 — 2024
2669 05:41:20.68 -01:58:58.4 28.45 1.03 7.00 0.48 -12.85 401 YSO (Class II) y 3750 2457002.8 Li+Hα 2024
2670a 05:41:01.89 -01:58:57.7 47.08 3.50 3.67 0.52 -3.87 440 YSO (Class III) 0 3750 2457002.8 Li+Hα 2024
2670b 05:41:01.89 -01:58:57.7 2.16 1.22 3.67 0.52 -3.87 440 YSO (Class III) 0 3750 2457002.8 Li+Hα 2024
2671 05:41:32.75 -01:57:57.5 24.16 2.49 3.59 0.46 -2.31 267 YSO (Class III) 0 4000 2457002.8 Li 2024
2672 05:41:45.49 -01:56:17.2 28.15 1.22 5.14 — — — 0 3500 2457002.8 Li 2024
2673 05:41:37.86 -01:54:36.6 92.68 7.29 3.35 — 1.21 — 0 7000 2457002.8 Li 2024
2674 05:41:38.47 -01:54:25.4 21.70 0.67 12.29 — — — 0 5750 2457002.8 Li 2024
2675 05:42:33.29 -01:53:36.0 — — — 0.68 — — YSO (Class III) — — 2457002.8 — 2024
2676 05:41:08.07 -01:51:21.7 26.15 0.40 21.05 — — — y 5500 2457002.8 Li+Hα 2024
2677 05:40:57.47 -01:50:15.3 -6.35 0.31 25.03 — 1.10 — y 5250 2457002.8 Li+Hα 2024
2678 05:41:46.90 -01:49:57.2 21.00 1.61 4.64 0.44 -8.65 382 YSO (Class II) y 4000 2457002.8 Li 2024
2679 05:41:24.25 -01:49:35.0 55.76 3.85 5.60 0.13 0.56 — YSO (Class III) y 4250 2457002.8 Li+Hα 2024
2680 05:41:41.98 -01:48:07.4 32.01 0.46 17.10 — — — y 6250 2457002.8 Li+Hα 2024
2681 05:41:39.56 -01:47:02.3 12.16 0.42 20.63 — — — y 5250 2457002.8 Li+Hα 2024
2682 05:42:11.13 -01:46:25.7 22.66 1.41 6.13 0.30 — — YSO (Class III) y 4250 2457002.8 Li 2024
2683 05:42:09.60 -01:45:42.2 -34.98 0.85 8.63 — 2.45 — y 6000 2457002.8 Li+Hα 2024
2684 05:41:41.41 -01:43:53.5 45.49 1.08 9.07 0.34 -5.67 520 YSO (Class II) 0 4000 2457002.8 Li+Hα 2024
2685 05:41:53.83 -01:43:30.8 — — — 0.67 -1.58 305 YSO (Class III) — — 2457002.8 — 2024
2686 05:41:54.52 -01:43:14.0 22.46 1.69 4.74 0.53 -1.67 182 YSO (Class III) y 4000 2457002.8 Li+Hα 2024
2687 05:46:22.40 -00:03:38.2 -5.55 1.16 8.00 — — — 0 6500 2457081.5 Li 2068
2688 05:45:57.12 -00:02:03.0 -1.10 1.19 5.64 — — — 0 3750 2457815.5 Li+Hα 2068
2688 05:45:57.12 -00:02:03.0 1.36 1.35 4.30 — — — 0 4000 2457815.5 Mg 2068
2689 05:45:56.73 -00:00:07.3 — — — — 0.77 — — — 2457081.5 Li+Hα 2068
2689 05:45:56.73 -00:00:07.3 -31.15 0.92 8.16 — 0.92 — 0 4250 2457815.5 Li+Hα 2068
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RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2689 05:45:56.73 -00:00:07.3 -30.72 0.67 12.04 — — — 0 6500 2457815.5 Mg 2068
2690 05:46:28.73 +00:00:13.5 94.38 0.59 13.82 — 0.63 — 0 5500 2457081.5 Li+Hα 2068
2690 05:46:28.73 +00:00:13.5 94.65 0.37 20.56 — 1.30 — 0 5250 2457815.5 Li+Hα 2068
2690 05:46:28.73 +00:00:13.5 94.68 0.37 16.70 — — — 0 4500 2457815.5 Mg 2068
2691 05:45:47.58 +00:00:13.7 -12.24 0.67 10.73 — 1.21 — 0 5750 2457815.5 Li+Hα 2068
2691 05:45:47.58 +00:00:13.7 -11.91 0.47 18.92 — — — y 5750 2457815.5 Mg 2068
2692 05:45:57.38 +00:01:18.5 12.03 0.36 22.95 — 0.90 — 0 5000 2457081.5 Li+Hα 2068
2692 05:45:57.38 +00:01:18.5 11.00 0.34 24.15 — 1.18 — y 4750 2457815.5 Li+Hα 2068
2692 05:45:57.38 +00:01:18.5 11.63 0.38 21.37 — — — 0 5000 2457815.5 Mg 2068
2693 05:46:04.94 +00:01:45.5 — — — — 1.26 — — — 2457081.5 Li+Hα 2068
2693 05:46:04.94 +00:01:45.5 — — — — 1.97 — — — 2457815.5 — 2068
2693 05:46:04.94 +00:01:45.5 36.92 3.66 4.10 — — — y 5500 2457815.5 Mg 2068
2694 05:45:54.15 +00:01:55.2 — — — — 0.99 — — — 2457081.5 Li+Hα 2068
2694 05:45:54.15 +00:01:55.2 88.72 3.71 2.86 — 0.86 — y 4500 2457815.5 Li 2068
2694 05:45:54.15 +00:01:55.2 90.48 1.46 10.00 — — — 0 5250 2457815.5 Mg 2068
2695 05:45:48.21 +00:02:39.3 — — — — 0.95 — — — 2457081.5 Li 2068
2695 05:45:48.21 +00:02:39.3 24.90 1.84 6.97 — — — 0 5500 2457815.5 Mg 2068
2696 05:45:49.26 +00:02:47.0 25.35 0.29 28.06 — 1.27 — 0 5000 2457081.5 Li+Hα 2068
2696 05:45:49.26 +00:02:47.0 25.71 0.26 29.30 — -1.47 331 0 5000 2457815.5 Li+Hα 2068
2696 05:45:49.26 +00:02:47.0 25.59 0.31 26.07 — — — y 4750 2457815.5 Mg 2068
2697 05:46:41.07 +00:02:50.9 20.67 1.83 4.46 — — — y 4000 2457081.5 Hα 2068
2697 05:46:41.07 +00:02:50.9 21.17 2.65 2.94 — — — 0 3750 2457815.5 Hα 2068
2697 05:46:41.07 +00:02:50.9 14.80 1.79 3.02 — — — 0 4500 2457815.5 Mg 2068
2698 05:46:19.06 +00:03:29.6 — — — 0.21 -5.75 495 YSO (Class II) — — 2457081.5 Li+Hα 2068
2698 05:46:19.06 +00:03:29.6 27.72 1.29 5.99 0.31 -14.89 652 YSO (Class II) 0 4250 2457815.5 Li+Hα 2068
2699 05:45:52.27 +00:03:30.8 — — — — 0.98 — — — 2457081.5 Li+Hα 2068
2699 05:45:52.27 +00:03:30.8 — — — — 1.42 — — — 2457815.5 — 2068
2699 05:45:52.27 +00:03:30.8 18.54 1.29 12.19 — — — y 5750 2457815.5 Mg 2068
2700 05:45:58.88 +00:03:41.3 9.39 0.63 13.60 — 0.82 — y 4750 2457081.5 Li+Hα 2068
2700 05:45:58.88 +00:03:41.3 9.29 0.40 21.19 — 1.09 — y 5000 2457815.5 Li+Hα 2068
2700 05:45:58.88 +00:03:41.3 9.39 0.33 24.09 — — — 0 4750 2457815.5 Mg 2068
2701 05:46:48.38 +00:04:17.8 — — — — 0.64 — — — 2457081.5 Li+Hα 2068
2701 05:46:48.38 +00:04:17.8 -3.81 0.75 9.64 — — — 0 3750 2457815.5 Li+Hα 2068
2701 05:46:48.38 +00:04:17.8 -4.21 0.58 10.50 — — — y 3500 2457815.5 Mg 2068
2702 05:46:47.65 +00:04:32.4 -2.38 0.96 7.44 — — — 0 3750 2457081.5 Li 2068
2703 05:46:50.22 +00:04:39.6 27.28 0.82 9.37 0.45 -17.40 499 YSO (Class II) 0 4000 2457081.5 Li+Hα 2068
2703 05:46:50.22 +00:04:39.6 26.89 0.71 11.52 0.54 -19.38 508 YSO (Class II) 0 4000 2457815.5 Li+Hα 2068
2703 05:46:50.22 +00:04:39.6 26.89 0.76 8.78 — — — YSO (Class II) 0 3500 2457815.5 Mg 2068
2704 05:45:50.10 +00:04:42.9 106.29 0.84 9.03 — 0.89 — y 5250 2457081.5 Li+Hα 2068
2704 05:45:50.10 +00:04:42.9 106.63 0.63 12.01 — -1.16 — 0 5250 2457815.5 Li+Hα 2068
2704 05:45:50.10 +00:04:42.9 107.15 0.44 18.48 — — — 0 5000 2457815.5 Mg 2068
2705 05:46:40.34 +00:04:54.0 — — — 0.63 -1.16 231 YSO (Class III) — — 2457081.5 Li+Hα 2068
2705 05:46:40.34 +00:04:54.0 32.48 5.34 4.19 0.83 -4.68 317 YSO (Class III) 0 5500 2457815.5 Hα 2068
2705 05:46:40.34 +00:04:54.0 31.19 3.93 4.39 — — — YSO (Class III) 0 4500 2457815.5 Mg 2068
2706 05:46:21.44 +00:04:54.7 55.63 0.81 10.22 — 0.66 — 0 4000 2457081.5 Li+Hα 2068
2706 05:46:21.44 +00:04:54.7 55.65 0.55 14.79 — 0.45 — 0 6000 2457815.5 Li+Hα 2068
2706 05:46:21.44 +00:04:54.7 55.70 0.49 11.96 — — — 0 4500 2457815.5 Mg 2068
2707 05:46:04.64 +00:04:58.2 26.95 0.91 9.76 0.41 -20.91 653 YSO (Class II) y 4000 2457081.5 Li+Hα 2068
2707 05:46:04.64 +00:04:58.2 27.00 0.60 15.20 0.48 -27.07 652 YSO (Class II) 0 4000 2457815.5 Li+Hα 2068
2707 05:46:04.64 +00:04:58.2 26.36 0.70 12.63 — — — YSO (Class II) 0 4000 2457815.5 Mg 2068
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RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2708 05:45:30.40 +00:05:24.3 36.76 1.33 6.14 — 1.18 — y 5750 2457081.5 Li 2068
2708 05:45:30.40 +00:05:24.3 — — — — 1.56 — — — 2457815.5 — 2068
2708 05:45:30.40 +00:05:24.3 33.04 1.15 8.80 — — — y 6250 2457815.5 Mg 2068
2709 05:46:02.46 +00:05:26.5 30.07 0.33 24.78 — 0.87 — y 4750 2457081.5 Li+Hα 2068
2709 05:46:02.46 +00:05:26.5 30.31 0.29 26.59 — 1.12 — 0 5000 2457815.5 Li+Hα 2068
2709 05:46:02.46 +00:05:26.5 30.31 0.22 32.12 — — — 0 4750 2457815.5 Mg 2068
2710 05:46:43.62 +00:05:28.4 27.34 0.82 14.44 0.32 — — YSO (Class III) y 4000 2457081.5 Li+Hα 2068
2711 05:45:26.16 +00:06:37.9 27.20 1.10 6.41 0.42 -8.13 376 YSO (Class II) y 3500 2457081.5 Li+Hα 2068
2711 05:45:26.16 +00:06:37.9 28.98 1.07 6.42 0.63 -9.63 325 YSO (Class II) 0 3500 2457815.5 Li+Hα 2068
2711 05:45:26.16 +00:06:37.9 26.67 0.97 6.91 — — — YSO (Class II) y 3500 2457815.5 Mg 2068
2712 05:45:56.32 +00:07:08.5 28.24 0.62 12.91 0.51 -1.09 222 YSO (Class II) y 4000 2457081.5 Li+Hα 2068
2712 05:45:56.32 +00:07:08.5 28.52 0.56 14.64 0.63 -6.78 342 YSO (Class II) 0 4000 2457815.5 Li+Hα 2068
2712 05:45:56.32 +00:07:08.5 28.91 0.60 11.42 — — — YSO (Class II) 0 4500 2457815.5 Mg 2068
2713 05:45:43.77 +00:07:54.1 — — — — 1.05 — — — 2457081.5 Li+Hα 2068
2713 05:45:43.77 +00:07:54.1 — — — — 1.76 — — — 2457815.5 — 2068
2713 05:45:43.77 +00:07:54.1 29.11 0.78 11.11 — — — y 6000 2457815.5 Mg 2068
2714 05:45:55.28 +00:07:54.2 3.52 0.60 14.33 — — — y 5250 2457081.5 Li+Hα 2068
2714 05:45:55.28 +00:07:54.2 5.58 0.60 15.01 — 0.47 — 0 5500 2457815.5 Li+Hα 2068
2714 05:45:55.28 +00:07:54.2 4.82 0.51 13.86 — — — 0 4500 2457815.5 Mg 2068
2715 05:45:39.94 +00:07:59.9 45.63 0.67 10.86 — 1.01 — y 6000 2457081.5 Li+Hα 2068
2715 05:45:39.94 +00:07:59.9 46.15 0.60 12.48 — 1.66 — 0 6500 2457815.5 Li 2068
2715 05:45:39.94 +00:07:59.9 45.83 0.43 20.51 — — — 0 5750 2457815.5 Mg 2068
2716 05:45:33.59 +00:08:39.9 77.25 0.83 9.19 — 1.03 — y 5500 2457081.5 Li 2068
2716 05:45:33.59 +00:08:39.9 75.46 0.55 14.59 — 0.89 — 0 5500 2457815.5 Li+Hα 2068
2716 05:45:33.59 +00:08:39.9 76.64 0.56 15.76 — — — 0 5000 2457815.5 Mg 2068
2717 05:46:00.02 +00:09:01.1 39.63 0.59 14.11 — 0.69 — y 5000 2457081.5 Li+Hα 2068
2717 05:46:00.02 +00:09:01.1 39.85 0.35 23.63 — 1.06 — 0 5250 2457815.5 Li+Hα 2068
2717 05:46:00.02 +00:09:01.1 40.20 0.31 29.11 — — — 0 5250 2457815.5 Mg 2068
2718 05:46:46.87 +00:09:07.7 — — — 0.57 -12.61 391 YSO (Class II) — — 2457081.5 — 2068
2719 05:45:44.93 +00:09:19.4 — — — — 0.33 — — — 2457081.5 Li+Hα 2068
2719 05:45:44.93 +00:09:19.4 27.68 0.69 9.96 — — — 0 5750 2457815.5 Li+Hα 2068
2719 05:45:44.93 +00:09:19.4 28.10 0.42 14.59 — — — 0 4500 2457815.5 Mg 2068
2720 05:46:24.27 +00:09:36.7 49.31 1.15 6.69 — 0.86 — y 5500 2457081.5 Li+Hα 2068
2720 05:46:24.27 +00:09:36.7 50.76 0.73 10.33 — — — 0 5250 2457815.5 Li+Hα 2068
2720 05:46:24.27 +00:09:36.7 49.91 0.57 10.28 — — — y 3500 2457815.5 Mg 2068
2721 05:45:43.46 +00:09:43.3 54.60 0.42 19.45 — 0.87 — y 4750 2457081.5 Li+Hα 2068
2721 05:45:43.46 +00:09:43.3 54.26 0.36 22.60 — 1.13 — 0 5000 2457815.5 Li+Hα 2068
2721 05:45:43.46 +00:09:43.3 55.31 0.31 23.58 — — — 0 4750 2457815.5 Mg 2068
2722 05:47:04.12 +00:10:11.1 — — — — 0.73 — — — 2457081.5 Hα 2068
2722 05:47:04.12 +00:10:11.1 15.66 1.89 3.30 — — — 0 6500 2457815.5 Li 2068
2722 05:47:04.12 +00:10:11.1 19.88 1.83 3.04 — — — 0 7000 2457815.5 Mg 2068
2723 05:45:47.04 +00:10:18.0 62.03 0.59 13.13 — 1.38 — y 5250 2457081.5 Li+Hα 2068
2723 05:45:47.04 +00:10:18.0 61.49 0.52 13.03 — 1.43 — 0 5500 2457815.5 Li+Hα 2068
2723 05:45:47.04 +00:10:18.0 61.57 0.32 27.20 — — — y 5250 2457815.5 Mg 2068
2724 05:46:18.08 +00:10:45.7 — — — — 0.95 — — — 2457081.5 Li 2068
2724 05:46:18.08 +00:10:45.7 70.31 1.01 6.72 — — — 0 3750 2457815.5 Li+Hα 2068
2724 05:46:18.08 +00:10:45.7 71.26 0.61 10.59 — — — y 3500 2457815.5 Mg 2068
2725 05:47:13.45 +00:10:56.5 26.18 1.07 8.73 0.41 -0.45 161 YSO (Class III) y 4000 2457081.5 Hα 2068
2725 05:47:13.45 +00:10:56.5 25.41 0.53 16.31 0.39 -0.68 146 YSO (Class III) 0 4000 2457815.5 Li+Hα 2068
2725 05:47:13.45 +00:10:56.5 25.52 0.79 10.13 — — — YSO (Class III) 0 3500 2457815.5 Mg 2068
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RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2726 05:46:03.67 +00:10:58.7 27.93 0.63 19.84 0.47 — — YSO (Class III) y 4000 2457081.5 Li+Hα 2068
2726 05:46:03.67 +00:10:58.7 27.81 0.62 20.49 0.50 -0.38 140 YSO (Class III) 0 4000 2457815.5 Li+Hα 2068
2726 05:46:03.67 +00:10:58.7 27.63 0.74 20.18 — — — YSO (Class III) 0 4750 2457815.5 Mg 2068
2727 05:46:03.50 +00:11:11.5 — — — — -1.56 233 — — 2457081.5 Li+Hα 2068
2727 05:46:03.50 +00:11:11.5 3.80 7.73 4.85 — -2.79 284 y 3500 2457815.5 Li+Hα 2068
2727 05:46:03.50 +00:11:11.5 15.99 6.30 4.23 — — — y 3500 2457815.5 Mg 2068
2728 05:45:43.39 +00:11:11.5 — — — — 0.73 — — — 2457081.5 Li+Hα 2068
2728 05:45:43.39 +00:11:11.5 15.47 0.70 11.26 — 1.25 — 0 5250 2457815.5 Li+Hα 2068
2728 05:45:43.39 +00:11:11.5 15.93 0.39 22.27 — — — 0 5250 2457815.5 Mg 2068
2729 05:46:12.67 +00:11:13.0 24.22 0.92 9.06 0.48 -1.04 148 YSO (Class III) 0 4000 2457081.5 Li 2068
2729 05:46:12.67 +00:11:13.0 25.41 0.56 17.11 0.65 -1.98 196 YSO (Class III) 0 4000 2457815.5 Li+Hα 2068
2729 05:46:12.67 +00:11:13.0 26.02 0.59 15.67 — — — YSO (Class III) 0 4500 2457815.5 Mg 2068
2730 05:45:39.84 +00:11:17.9 37.74 0.43 19.33 — 1.74 — y 6000 2457081.5 Li+Hα 2068
2730 05:45:39.84 +00:11:17.9 38.06 0.42 19.53 — 1.93 — y 6000 2457815.5 Li+Hα 2068
2730 05:45:39.84 +00:11:17.9 37.70 0.35 28.38 — — — y 5750 2457815.5 Mg 2068
2731 05:45:42.49 +00:11:24.2 38.43 0.87 8.21 — 0.60 — 0 5250 2457081.5 Li 2068
2731 05:45:42.49 +00:11:24.2 39.12 0.39 20.19 — 1.04 — 0 5250 2457815.5 Li+Hα 2068
2731 05:45:42.49 +00:11:24.2 39.89 0.34 25.44 — — — 0 5250 2457815.5 Mg 2068
2732 05:45:40.15 +00:11:30.5 15.59 0.74 9.88 — 1.20 — y 6000 2457081.5 Li+Hα 2068
2732 05:45:40.15 +00:11:30.5 15.36 0.85 7.87 — 2.01 — 0 7000 2457815.5 Li+Hα 2068
2732 05:45:40.15 +00:11:30.5 15.18 0.42 21.17 — — — y 6000 2457815.5 Mg 2068
2733 05:45:47.89 +00:12:02.7 -66.28 0.56 15.48 — 1.11 — 0 5750 2457081.5 Li+Hα 2068
2733 05:45:47.89 +00:12:02.7 -70.59 1.74 3.40 — — — 0 5250 2457815.5 Li 2068
2733 05:45:47.89 +00:12:02.7 -67.73 1.43 5.27 — — — 0 4500 2457815.5 Mg 2068
2734a 05:46:42.36 +00:12:09.5 -8.03 1.00 7.15 — 0.74 — 0 5500 2457081.5 Li+Hα 2068
2734a 05:46:42.36 +00:12:09.5 -9.57 1.00 9.05 — 0.90 — 0 5000 2457815.5 Li+Hα 2068
2734a 05:46:42.36 +00:12:09.5 -9.64 1.00 7.24 — — — 0 7000 2457815.5 Mg 2068
2734b 05:46:42.36 +00:12:09.5 102.35 1.00 7.15 — 0.74 — 0 5500 2457081.5 Li+Hα 2068
2734b 05:46:42.36 +00:12:09.5 104.87 1.00 9.05 — 0.90 — 0 5000 2457815.5 Li+Hα 2068
2734b 05:46:42.36 +00:12:09.5 106.52 1.00 7.24 — — — 0 7000 2457815.5 Mg 2068
2735 05:45:45.32 +00:12:13.3 31.93 1.02 8.91 — 0.52 — 0 5250 2457081.5 Li+Hα 2068
2735 05:45:45.32 +00:12:13.3 32.35 0.75 12.35 — 0.80 — y 6000 2457815.5 Li+Hα 2068
2735 05:45:45.32 +00:12:13.3 30.98 0.69 15.06 — — — 0 5000 2457815.5 Mg 2068
2736 05:45:30.62 +00:12:24.6 — — — — 1.47 — — — 2457081.5 Li+Hα 2068
2736 05:45:30.62 +00:12:24.6 — — — — 1.95 — — — 2457815.5 — 2068
2736 05:45:30.62 +00:12:24.6 28.68 4.91 5.28 — — — y 5250 2457815.5 Mg 2068
2737 05:45:54.64 +00:12:28.7 — — — — 0.63 — — — 2457081.5 Li+Hα 2068
2737 05:45:54.64 +00:12:28.7 128.89 0.54 14.05 — 1.43 — 0 5500 2457815.5 Li+Hα 2068
2737 05:45:54.64 +00:12:28.7 129.74 0.47 18.55 — — — 0 5500 2457815.5 Mg 2068
2738 05:45:42.51 +00:12:39.5 — — — — 1.11 — — — 2457815.5 — 2068
2738 05:45:42.51 +00:12:39.5 46.71 1.25 7.49 — — — 0 6000 2457815.5 Mg 2068
2739 05:46:09.78 +00:12:58.8 — — — — 0.84 — — — 2457081.5 Li+Hα 2068
2739 05:46:09.78 +00:12:58.8 41.52 0.58 13.99 — 1.05 — 0 6750 2457815.5 Li+Hα 2068
2739 05:46:09.78 +00:12:58.8 42.63 0.31 30.12 — — — 0 5750 2457815.5 Mg 2068
2740 05:45:44.64 +00:13:00.6 23.69 0.64 13.09 — — — y 4000 2457081.5 Li+Hα 2068
2740 05:45:44.64 +00:13:00.6 22.71 0.56 14.68 — -1.59 190 0 4000 2457815.5 Li+Hα 2068
2740 05:45:44.64 +00:13:00.6 23.64 0.59 11.20 — — — 0 4500 2457815.5 Mg 2068
2741 05:46:02.59 +00:13:25.4 — — — — 1.01 — — — 2457081.5 Li+Hα 2068
2741 05:46:02.59 +00:13:25.4 -8.74 1.30 5.73 — 1.10 — 0 4000 2457815.5 Li 2068
2741 05:46:02.59 +00:13:25.4 -7.98 0.47 19.41 — — — y 6000 2457815.5 Mg 2068
Table 2 continued
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Table 2 (continued)
RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2742 05:45:49.68 +00:13:32.5 54.26 0.94 7.70 — 1.53 — y 6000 2457081.5 Li 2068
2742 05:45:49.68 +00:13:32.5 53.76 0.65 11.54 — 1.70 — y 5500 2457815.5 Li+Hα 2068
2742 05:45:49.68 +00:13:32.5 53.45 0.35 25.39 — — — y 5500 2457815.5 Mg 2068
2743 05:46:09.26 +00:13:32.8 29.01 0.83 10.53 0.46 -11.92 536 YSO (Class II) y 4000 2457081.5 Li+Hα 2068
2743 05:46:09.26 +00:13:32.8 28.35 0.79 11.19 0.54 -12.35 504 YSO (Class II) 0 4000 2457815.5 Li+Hα 2068
2743 05:46:09.26 +00:13:32.8 27.89 0.78 10.75 — — — YSO (Class II) y 3750 2457815.5 Mg 2068
2744 05:45:42.74 +00:13:36.2 102.46 0.45 18.03 — 0.76 — y 5500 2457081.5 Li+Hα 2068
2745 05:45:26.52 +00:13:37.5 19.25 1.06 6.27 — 1.05 — 0 6000 2457081.5 Li 2068
2745 05:45:26.52 +00:13:37.5 17.30 0.56 14.49 — — — 0 5250 2457815.5 Mg 2068
2746 05:46:50.15 +00:14:03.1 20.47 0.98 7.15 — 1.04 — y 5500 2457081.5 Li+Hα 2068
2746 05:46:50.15 +00:14:03.1 18.82 0.52 15.61 — 1.72 — 0 6500 2457815.5 Li+Hα 2068
2746 05:46:50.15 +00:14:03.1 18.99 0.49 19.77 — — — 0 5750 2457815.5 Mg 2068
2747 05:45:55.60 +00:14:14.5 7.50 1.18 6.69 — — — 0 3750 2457081.5 Li+Hα 2068
2747 05:45:55.60 +00:14:14.5 4.78 1.22 5.57 — — — 0 3750 2457815.5 Li+Hα 2068
2747 05:45:55.60 +00:14:14.5 5.70 0.92 5.82 — — — 0 3750 2457815.5 Mg 2068
2748 05:45:45.18 +00:14:15.7 — — — — 1.19 — — — 2457081.5 Li+Hα 2068
2748 05:45:45.18 +00:14:15.7 42.16 1.69 4.13 — 1.55 — 0 7000 2457815.5 Li 2068
2748 05:45:45.18 +00:14:15.7 45.40 0.63 15.73 — — — y 6000 2457815.5 Mg 2068
2749 05:45:55.85 +00:15:19.2 — — — — 0.52 — — — 2457081.5 Li+Hα 2068
2749 05:45:55.85 +00:15:19.2 9.85 0.74 10.50 — 0.45 — 0 5250 2457815.5 Li+Hα 2068
2749 05:45:55.85 +00:15:19.2 9.41 0.65 11.61 — — — 0 6250 2457815.5 Mg 2068
2750 05:45:53.99 +00:16:33.7 -15.40 1.16 8.85 — 1.16 — y 5750 2457081.5 Li 2068
2750 05:45:53.99 +00:16:33.7 -6.69 0.88 8.14 — 1.92 — 0 5750 2457815.5 Li+Hα 2068
2750 05:45:53.99 +00:16:33.7 -6.84 0.50 18.72 — — — y 6000 2457815.5 Mg 2068
2751 05:46:45.82 +00:17:02.5 29.00 0.55 17.27 0.50 -10.62 494 YSO (Class II) y 4000 2457081.5 Li+Hα 2068
2751 05:46:45.82 +00:17:02.5 27.41 0.56 16.55 0.53 -11.33 534 YSO (Class II) 0 4000 2457815.5 Li+Hα 2068
2751 05:46:45.82 +00:17:02.5 27.91 0.62 14.71 — — — YSO (Class II) 0 4500 2457815.5 Mg 2068
2752 05:47:07.65 +00:17:40.8 — — — — 0.76 — — — 2457081.5 — 2068
2752 05:47:07.65 +00:17:40.8 12.53 1.89 4.06 — 1.84 — 0 4250 2457815.5 Li 2068
2753 05:45:36.86 +00:17:50.3 25.05 0.36 21.89 — 0.78 — y 5000 2457081.5 Li+Hα 2068
2753 05:45:36.86 +00:17:50.3 25.29 0.40 18.13 — 1.23 — 0 5250 2457815.5 Li+Hα 2068
2753 05:45:36.86 +00:17:50.3 25.18 0.39 21.81 — — — y 5250 2457815.5 Mg 2068
2754 05:45:50.78 +00:17:54.3 -21.51 0.29 24.56 — 1.38 — 0 5250 2457815.5 Li+Hα 2068
2754 05:45:50.78 +00:17:54.3 -21.22 0.33 26.75 — — — y 5250 2457815.5 Mg 2068
2755 05:46:44.09 +00:18:03.2 26.61 0.61 14.79 0.52 -3.10 330 YSO (Class II) 0 4000 2457081.5 Li+Hα 2068
2755 05:46:44.09 +00:18:03.2 26.76 0.49 18.68 0.58 -3.79 323 YSO (Class II) 0 4000 2457815.5 Li+Hα 2068
2755 05:46:44.09 +00:18:03.2 26.52 0.65 13.07 — — — YSO (Class II) 0 4500 2457815.5 Mg 2068
2756 05:45:44.32 +00:18:26.4 3.67 0.56 15.21 — 0.64 — 0 5750 2457081.5 Li+Hα 2068
2756 05:45:44.32 +00:18:26.4 2.16 0.70 10.81 — 0.99 — 0 5750 2457815.5 Li+Hα 2068
2756 05:45:44.32 +00:18:26.4 3.22 0.47 17.46 — — — 0 5250 2457815.5 Mg 2068
2757 05:45:43.56 +00:18:48.9 — — — — 1.52 — — — 2457081.5 Li+Hα 2068
2757 05:45:43.56 +00:18:48.9 — — — — 1.64 — — — 2457815.5 — 2068
2757 05:45:43.56 +00:18:48.9 65.35 0.67 15.43 — — — y 5750 2457815.5 Mg 2068
2758 05:45:50.27 +00:19:18.2 -10.75 0.58 16.04 — 0.48 — y 5750 2457081.5 Li+Hα 2068
2758 05:45:50.27 +00:19:18.2 -6.95 0.76 9.56 — 1.42 — 0 5500 2457815.5 Li+Hα 2068
2758 05:45:50.27 +00:19:18.2 -6.34 0.66 11.94 — — — 0 5500 2457815.5 Mg 2068
2759 05:46:41.94 +00:20:02.7 — — — 0.44 0.30 — YSO (Class III) — — 2457081.5 Hα 2068
2759 05:46:41.94 +00:20:02.7 — — — 0.52 — — YSO (Class III) — — 2457815.5 — 2068
2759 05:46:41.94 +00:20:02.7 19.08 4.63 4.22 — — — YSO (Class III) 0 5000 2457815.5 Mg 2068
2760 05:45:57.39 +00:20:22.1 27.27 0.56 15.19 0.45 -29.14 553 YSO (Class II) y 4000 2457081.5 Li+Hα 2068
Table 2 continued
17
Table 2 (continued)
RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2760 05:45:57.39 +00:20:22.1 25.34 0.51 17.46 0.44 -32.63 502 YSO (Class II) 0 4000 2457815.5 Li+Hα 2068
2760 05:45:57.39 +00:20:22.1 24.74 1.23 5.07 — — — YSO (Class II) 0 3500 2457815.5 Mg 2068
2761 05:45:46.82 +00:20:24.4 38.28 1.06 8.33 — 1.22 — y 6750 2457081.5 Li 2068
2761 05:45:46.82 +00:20:24.4 37.15 1.16 7.00 — 1.83 — 0 6750 2457815.5 Li+Hα 2068
2761 05:45:46.82 +00:20:24.4 38.02 0.48 20.06 — — — y 6250 2457815.5 Mg 2068
2762 05:46:56.55 +00:20:52.9 15.61 4.56 6.23 0.62 — — YSO (Class III) 0 4000 2457081.5 Li+Hα 2068
2762 05:46:56.55 +00:20:52.9 14.99 2.80 5.58 0.52 -3.14 140 YSO (Class III) 0 4000 2457815.5 Li+Hα 2068
2762 05:46:56.55 +00:20:52.9 19.42 5.85 4.36 — — — YSO (Class III) y 4750 2457815.5 Mg 2068
2763 05:45:49.58 +00:22:26.5 27.14 0.78 10.12 — — — 0 4000 2457081.5 Li+Hα 2068
2763 05:45:49.58 +00:22:26.5 26.84 0.73 11.54 — 0.38 — 0 4000 2457815.5 Li+Hα 2068
2763 05:45:49.58 +00:22:26.5 26.14 0.59 10.16 — — — 0 3500 2457815.5 Mg 2068
2764 05:45:53.61 +00:22:42.1 31.63 0.50 17.58 0.42 -0.64 188 YSO (Class III) y 4000 2457081.5 Li+Hα 2068
2764 05:45:53.61 +00:22:42.1 31.45 0.49 17.83 0.38 -0.59 109 YSO (Class III) 0 4000 2457815.5 Li+Hα 2068
2764 05:45:53.61 +00:22:42.1 31.08 0.50 13.93 — — — YSO (Class III) 0 4500 2457815.5 Mg 2068
2765 05:46:14.04 +00:24:03.4 23.30 0.35 23.31 — 1.24 — y 5750 2457081.5 Li+Hα 2068
2765 05:46:14.04 +00:24:03.4 22.90 0.36 23.09 — 1.27 — 0 5750 2457815.5 Li+Hα 2068
2765 05:46:14.04 +00:24:03.4 23.35 0.32 28.51 — — — 0 5250 2457815.5 Mg 2068
2766 05:46:28.13 +00:24:41.7 31.96 0.96 7.62 — 0.33 — y 3750 2457081.5 Li+Hα 2068
2766 05:46:28.13 +00:24:41.7 32.32 2.17 3.80 — — — 0 3750 2457815.5 Hα 2068
2766 05:46:28.13 +00:24:41.7 30.39 1.72 2.95 — — — 0 4500 2457815.5 Mg 2068
2767 05:54:22.54 +01:29:50.7 15.60 0.69 10.63 — 0.81 — 0 6000 2457080.5 Li+Hα 1622
2768 05:54:37.94 +01:29:51.4 18.87 0.79 10.60 0.46 -21.04 522 YSO (Class II) y 4000 2457080.5 Li+Hα 1622
2769 05:54:28.36 +01:30:47.5 2.21 0.55 15.01 — 1.75 — y 6250 2457080.5 Li+Hα 1622
2770 05:54:37.13 +01:31:26.1 39.80 1.80 4.87 — 1.23 — y 7000 2457080.5 Hα 1622
2771 05:53:59.43 +01:31:39.1 8.68 0.46 18.11 — 0.41 — 0 5750 2457080.5 Li+Hα 1622
2772 05:53:53.98 +01:31:42.9 59.80 0.52 15.24 — 1.52 — y 5500 2457080.5 Li+Hα 1622
2773 05:53:50.76 +01:32:02.7 16.13 0.86 10.40 — 1.25 — y 6000 2457080.5 Li+Hα 1622
2774 05:54:24.84 +01:32:36.3 69.73 0.37 20.92 — 1.46 — y 5000 2457080.5 Li+Hα 1622
2775 05:53:52.14 +01:33:07.4 24.41 0.85 8.62 — — — y 3500 2457080.5 Li+Hα 1622
2776 05:54:12.65 +01:33:47.4 -6.50 0.68 12.17 — 0.53 — y 7000 2457080.5 Li 1622
2777 05:55:01.21 +01:34:41.4 66.81 0.38 21.30 — 1.50 — y 5250 2457080.5 Li+Hα 1622
2778 05:54:57.08 +01:35:39.3 2.28 0.46 17.23 — 1.70 — 0 6500 2457080.5 Li 1622
2779 05:53:40.27 +01:35:49.8 9.33 0.45 18.34 — 0.84 — 0 6250 2457080.5 Li+Hα 1622
2780 05:54:57.27 +01:35:58.1 46.61 0.38 22.21 — 1.02 — y 5000 2457080.5 Li+Hα 1622
2781 05:53:47.45 +01:36:03.3 90.19 0.48 16.30 — 0.87 — 0 5000 2457080.5 Li+Hα 1622
2782 05:54:33.98 +01:36:20.2 23.91 0.55 14.50 — 0.58 — 0 5250 2457080.5 Li+Hα 1622
2783 05:54:52.48 +01:36:26.5 11.24 1.12 5.48 — 1.18 — 0 5500 2457080.5 Li 1622
2784 05:53:47.96 +01:36:40.7 61.00 0.67 11.75 — 1.25 — y 5250 2457080.5 Li+Hα 1622
2785 05:54:14.07 +01:36:41.1 -35.03 0.99 11.45 — 0.77 — y 5500 2457080.5 Li+Hα 1622
2786 05:53:42.29 +01:36:48.4 29.72 0.50 15.46 — 1.23 — y 6000 2457080.5 Li+Hα 1622
2787 05:54:39.42 +01:37:00.0 -19.88 0.71 12.34 — 0.71 — 0 5500 2457080.5 Li+Hα 1622
2788 05:54:20.98 +01:37:02.5 6.96 0.38 21.19 — — — y 5000 2457080.5 Li+Hα 1622
2789 05:54:11.47 +01:37:04.1 49.51 0.35 22.71 — 0.84 — y 5000 2457080.5 Li+Hα 1622
2790 05:53:31.17 +01:37:52.3 49.59 1.10 7.58 — 0.68 — y 4000 2457080.5 Li+Hα 1622
2791 05:53:34.74 +01:38:10.2 88.27 0.54 13.85 — 1.41 — y 6250 2457080.5 Li+Hα 1622
2792 05:53:40.91 +01:38:14.0 17.98 0.47 20.00 0.48 -10.16 446 YSO (Class II)d y 4000 2457080.5 Li+Hα 1622
2793 05:53:49.48 +01:38:29.7 63.50 0.56 14.25 — 1.56 — y 5250 2457080.5 Li+Hα 1622
2794 05:53:36.84 +01:38:35.8 17.16 0.32 25.38 — 0.38 — 0 5000 2457080.5 Li+Hα 1622
2795 05:54:07.19 +01:39:00.7 — — — 0.30 -14.11 489 YSO (Class II) — — 2457080.5 Li+Hα 1622
2796 05:53:25.56 +01:39:05.3 -19.46 0.42 19.54 — 0.87 — 0 5750 2457080.5 Li+Hα 1622
Table 2 continued
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Table 2 (continued)
RV R.A. Dec. v σ R WLi WHα
a VHα YSO RR?
b Temp Date Orderc Field
# (J2000) (J2000) km s−1 km s−1 A˚ A˚ km s−1 K. JD
2797 05:53:32.67 +01:39:13.3 4.41 0.58 15.03 — — — y 6000 2457080.5 Li+Hα 1622
2798 05:53:44.16 +01:39:60.0 46.20 0.32 25.37 — 1.39 — y 5250 2457080.5 Li+Hα 1622
2799 05:54:03.00 +01:40:22.0 33.71 8.19 4.37 0.46 0.62 — YSO (Class III) y 4000 2457080.5 Li 1622
2800 05:54:01.89 +01:40:27.2 20.00 1.22 5.11 0.34 -15.10 536 YSO (Class II) y 3500 2457080.5 Li+Hα 1622
2801 05:53:40.76 +01:40:45.8 54.16 1.21 5.39 — 1.10 — 0 5000 2457080.5 Li 1622
2802 05:55:06.60 +01:40:49.7 34.72 1.47 4.47 — 1.14 — 0 5500 2457080.5 Li 1622
2803 05:53:48.73 +01:41:07.3 21.39 0.69 11.87 — 0.74 — y 5500 2457080.5 Li+Hα 1622
2804 05:53:42.62 +01:41:20.9 37.53 0.62 12.86 — 1.03 — y 5000 2457080.5 Li+Hα 1622
2805 05:53:43.27 +01:41:41.1 5.33 1.36 5.45 — 0.98 — 0 6750 2457080.5 Li 1622
2806 05:53:25.18 +01:42:01.1 72.84 1.01 7.01 — 1.31 — y 6250 2457080.5 Li 1622
2807 05:53:45.08 +01:42:03.3 72.21 0.34 23.28 — 1.75 — 0 5750 2457080.5 Li+Hα 1622
2808 05:53:26.54 +01:42:04.3 19.99 0.58 14.61 — 0.39 — 0 5750 2457080.5 Li+Hα 1622
2809 05:53:43.48 +01:42:24.8 8.91 0.50 16.83 — 0.69 — y 5750 2457080.5 Li+Hα 1622
2810 05:54:55.53 +01:42:35.5 17.45 0.43 18.53 — 0.48 — y 4750 2457080.5 Li+Hα 1622
2811 05:53:32.77 +01:43:09.6 -9.35 0.37 22.80 — — — 0 5500 2457080.5 Li+Hα 1622
2812 05:53:30.84 +01:43:36.8 18.84 0.92 7.35 — — — 0 4000 2457080.5 Li 1622
2813 05:53:58.70 +01:44:09.5 21.08 0.67 12.62 0.41 -23.18 583 YSO (Class II) y 4000 2457080.5 Li+Hα 1622
2814 05:54:57.13 +01:44:25.8 30.36 0.86 8.82 — 0.96 — 0 4750 2457080.5 Li+Hα 1622
2815 05:53:43.74 +01:44:58.4 54.57 0.58 12.84 — 1.01 — y 5750 2457080.5 Li+Hα 1622
2816 05:53:59.21 +01:46:30.6 19.53 1.94 3.86 — 0.63 — y 4500 2457080.5 Hα 1622
2817 05:54:05.58 +01:47:01.2 -8.44 1.90 5.35 — — — y 4000 2457080.5 Hα 1622
2818 05:53:33.36 +01:48:42.8 2.61 1.21 8.11 — — — y 4000 2457080.5 Hα 1622
2819 05:54:17.71 +01:48:47.8 -12.76 0.74 11.13 — 1.63 — y 6000 2457080.5 Li+Hα 1622
2820 05:53:57.68 +01:48:59.5 -3.84 1.07 6.89 — — — y 3500 2457080.5 Li+Hα 1622
2821 05:53:55.60 +01:54:02.4 85.50 0.33 24.67 — 1.14 — 0 5000 2457080.5 Li+Hα 1622
2822 05:54:11.31 +01:54:18.9 19.53 0.83 8.72 — 0.51 — y 6250 2457080.5 Li+Hα 1622
2823 05:53:46.18 +01:54:34.4 40.33 0.55 14.30 — 0.91 — 0 5750 2457080.5 Li 1622
2824 05:53:46.77 +01:55:00.0 22.75 0.34 23.97 — 0.75 — 0 5000 2457080.5 Li+Hα 1622
2825 05:54:05.27 +01:56:10.5 -11.55 1.76 8.82 — 1.09 — y 5250 2457080.5 Li+Hα 1622
aNegative values show that the line appeared in emission. Most lines were contaminated by the nebular emission lines; this emission has been masked
bWhether or not the source was processed with the rapid rotator parameters during cross-correlation (see Paper I for full discussion)
c Order used for cross-correlation.
dNot observed with Spitzer, classified based on their Hα.
Full version of the table will be available in the online text.
